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Abstract. Interstitial lung diseases (ILDs) include various 
lung parenchymal disorders characterized by inflammation 
and fibrosis of the lung tissue, leading to progressive dyspnea 
and respiratory failure. Clinical evidence has suggested an 
association between human parvovirus B19 (B19V) infection 
and the progression of ILD and pulmonary fibrosis, but the 
mechanisms involved remain unclear. The present study 
screened 86 patients with connective tissue disease (CTD) and 
reported that B19V infection was significantly more prevalent 
among those with ILD than among those without (P<0.001). To 
investigate the potential underlying mechanisms, a bleomycin 
(BLM)‑treated mouse model was employed to assess the effect 
of B19V nonstructural protein 1 (NS1) on pulmonary fibrosis. 
Mice treated with BLM or BLM + NS1 exhibited markedly 
higher fibrosis scores, hydroxyproline content, and higher levels 
of transforming growth factor‑β and collagen I. Treatment 
with nintedanib attenuated fibrosis in both groups; however, 
lung fibrosis remained more pronounced in the BLM + NS1 
group than in the BLM group. Furthermore, the levels of 
neutrophil‑associated markers, including citrullinated histone 
H3 and myeloperoxidase, as well as inflammasome‑related 

factors, such as IL‑18 and IL‑17A, were markedly elevated 
in lung tissues from both groups, with the highest levels 
observed in the BLM + NS1 group. These findings suggested 
that B19‑NS1 may exacerbate fibrosis in patients with ILD by 
increasing neutrophil‑driven responses and inflammasome 
activation, highlighting a need for nintedanib therapies to 
more effectively address B19V‑associated pulmonary fibrosis.

Introduction

Interstitial lung disease (ILD), a heterogeneous pulmonary 
parenchymal disease, is a major cause of pulmonary fibrosis 
characterized by inflammation and fibrosis of the lung paren‑
chyma (1). The etiology of most ILDs remains unknown, with 
idiopathic pulmonary fibrosis (IPF) being the most common and 
characterized by progressive lung tissue hardening, breathing 
difficulties, and eventual respiratory failure (2). Known ILDs 
include connective tissue disease (CTD)‑ILD, which is more 
likely to develop into progressive fibrosing ILD (PF‑ILD), 
particularly in patients with conditions such as rheumatoid 
arthritis (RA), systemic lupus erythematosus, polymyositis 
and dermatomyositis, with PF‑ILD progression rates as high 
as 20% (3,4). Fibrosis is primarily caused by the activation of 
fibroblasts, which is triggered by chronic injury or inflamma‑
tion, resulting in cell destruction and abnormal tissue repair. 
Fibroblasts migrate to injury sites, release growth factors and 
profibrotic mediators, and transform into myofibroblasts that 
secrete excessive amounts of extracellular matrix, causing 
tissue stiffness and progressive interstitial pneumonia (5,6). 
All PF‑ILDs are triggered by chronic epithelial or vascular 
injury or granulomatous inflammation, leading to abnormal 
repair processes and ultimately causing fibrosis (5,6).

Human parvovirus B19 (B19V), a member of the 
Erythrovirus genus within the Parvoviridae family, is a 
small, non‑enveloped virus with a linear, single‑stranded 
DNA genome (7). The capsid of B19V is a stable icosahedral 
structure composed mainly of viral protein (VP) 1 and VP2 
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proteins. VP1 and VP2 are identical except for a unique 
227‑amino‑acid region at the N‑terminus of VP1 (VP1u) (8). 
The unique VP1 region (VP1u) of B19V plays roles in viral 
tropism, uptake, and nuclear entry. It contains a nuclear 
localization signal, targets erythroid progenitor cells, and is 
targeted by neutralizing antibodies  (8). The nonstructural 
protein (NS)‑1 of B19V is essential for viral DNA replication 
and gene regulation. B19V NS1 contains nuclear localization 
signals, a DNA‑binding/nuclease domain, an ATPase and 
NTP‑binding motif, and a transactivation domain (7,8). B19V 
NS1 can transactivate host genes, induce apoptosis, cause 
cell cycle arrest, and elicit inflammatory cytokines and DNA 
damage responses (7,8).

Although most individuals infected with B19V are 
asymptomatic or present with mild, nonspecific symptoms 
resembling those of the common cold  (7‑9), accumulating 
evidence has linked B19V to the pathogenesis of ILDs (10‑12). 
B19V has been associated with chronic vasculopathy 
syndromes, including Wegener's granulomatosis, dermato‑
myositis, and scleroderma (13‑15) and has been implicated in 
the progression of IPF through the induction of endothelial 
immunogenicity (16). Case reports and clinical studies have 
identified B19V DNA in lung biopsies and BALF from ILD 
patients (11,17) and morphological evidence of septal capillary 
injury has been observed in ILD case series with chronic 
B19V infection (18).

Despite this, the mechanisms underlying the role of B19V 
in ILD remain unclear. Prior studies have shown that B19V 
NS1 can transactivate expression of the IL‑6 gene (19,20), a 
cytokine recognized as a key mediator and biomarker of lung 
fibrosis (21,22). An in vitro study demonstrated that B19V 
can also activate human dermal fibroblasts, indicating its role 
in fibrosis and systemic sclerosis (23). Given the antifibrotic 
effects of nintedanib in patients with CTD‑ILD, the present 
study was conducted to elucidate the effect of B19V NS1 on 
pulmonary fibrosis using a bleomycin (BLM)‑treated mouse 
model and to evaluate the therapeutic effect of nintedanib, 
thereby clarifying the mechanistic association between B19V 
infection and ILD in CTD patients.

Materials and methods

Human samples of CTD patients. A total of 86 patients diag‑
nosed with CTD (19 males and 67 females, aged 34‑84 years) 
with or without ILD according to the clinical criteria (24) were 
recruited between November 1, 2021 and October 31, 2024, at the 
Rheumatology and Immunology Center of the China Medical 
University Hospital, Taichung, Taiwan. The China Medical 
University Hospital's Institutional Review Board approved the 
current study (IRB approval no. CMUH110‑REC2‑178) and 
all participants provided written informed consent following 
the Declaration of Helsinki's ethical guidelines for medical 
research involving human subjects. Peripheral blood samples 
(10 ml) were collected into glass tubes containing no additive 
or anticoagulant. The clotted blood samples were centrifuged 
at 2,000 x g for 10 min at 4˚C, and the sera were collected 
and stored at ‑80˚C until use. Human parvovirus B19 infec‑
tion was determined using parvovirus B19V IgM and IgG 
ELISA kits (cat. nos. IB79807 and IB79806; IBL‑America), 
and Cytomegalovirus (CMV) infection was determined 

using CMV IgM and IgG test system (ZEUS Scientific, Inc.) 
from serum samples according to the manufacturer's instruc‑
tions. COVID‑19 infection was determined using the cobas 
SARS‑CoV‑2 RT‑PCR test (Roche Molecular Diagnostics) 
from nasopharyngeal swab samples. Herpes zoster was deter‑
mined to be caused by a varicella‑zoster virus infection, as 
indicated by the presence of the virus in blood or urine samples.

Animals and treatments. A total of 25 male C57BL/6 mice 
(age, 6 weeks; weight, 17‑19 g) were obtained from the National 
Laboratory Animal Center and housed at Chung Shan Medical 
University under controlled lighting (12‑h light/dark cycle), 
temperature (22‑24˚C) and humidity (50‑60%) conditions, 
with free access to water and standard laboratory chow (Lab 
Diet 5001; PMI Nutrition International Inc.). The experimental 
protocols were approved by the Institutional Animal Care and 
Use Committee, Chung Shan Medical University, Taiwan 
(IACUC approval nos. 2803 and 112065). Based on a previous 
publication, a BLM‑induced lung fibrosis mouse model was 
performed (25). Bleomycin, commonly administered intratra‑
cheally in mice, is widely used for pulmonary fibrosis models 
due to its ability to induce cellular damage and fibrosis (2,26). 
The present study employed the intratracheal administration 
route. At eight weeks of age, the mice were randomly divided 
into five groups (n=5 per group): i) Control (PBS) group; ii) 
Bleomycin (BLM) group; iii) BLM + nintedanib group; iv) 
BLM + NS1 group; and v) BLM + NS1 + nintedanib group. 
The Control and BLM groups received intratracheal PBS 
and intratracheal BLM (3  mg/kg) on day  0, respectively. 
The BLM + nintedanib group received intratracheal BLM 
on day 0 and nintedanib (50 mg/kg) intraperitoneally every 
2 days, starting from day 10, for a total of 5 injections (27). 
The BLM + NS1 group received intratracheal BLM (3 mg/kg) 
and B19V‑NS1 recombinant protein (0.8 mg/kg) on day 0. The 
BLM + NS1 + nintedanib group received intratracheal BLM 
(3 mg/kg) and B19V‑NS1 recombinant protein (0.8 mg/kg) on 
day 0. nintedanib (50 mg/kg) was administered intraperitone‑
ally every 2 days, starting from day 10, for a total of 5 injections. 
On day 19, the mice were sacrificed using a carbon dioxide 
(CO2) euthanasia chamber. The CO2 flow rate was 50% of 
the chamber volume/min. After visually confirming that the 
mice had stopped breathing, the CO2 flow was maintained for 
an additional minute to ensure mortality. Then, bronchoal‑
veolar lavage fluid (BALF) and lung tissues were collected. 

Hydroxyproline analysis. Lung tissues were processed and 
hydrolyzed according to the manufacturer's instructions 
using a Hydroxyproline Assay Kit (ab222941, Abcam). After 
homogenization, hydrolysis, and neutralization, samples were 
centrifuged at 10,000 x g for 5 min at 4˚C and dried. The 
hydroxyproline standard curve was generated, and absorbance 
was measured at 560 nm using a SpectraMax M5 Microplate 
Reader (Molecular Devices LLC).

BALF. The collection of BALF was performed as described 
previously (28). Briefly, mice were sacrificed and 1 ml of PBS 
was injected into the trachea and aspirated three times. The 
collected lavage fluid was centrifuged at 200 x g for 10 min 
at 4˚C, and the supernatant was reserved for ELISA analysis. 
Additionally, the cell pellet was re‑suspended in 150 µl of 
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PBS, and the cell populations were detected using a cytospin 
to prepare the slides, which were then stained with Liu's stain 
(Liu's A for 30 sec and Liu's B for 90 sec at room temperature) 
for microscopic observation and enumeration of macrophages, 
neutrophils, and lymphocytes.

ELISA. A total of 100 µl BALF samples was added to the 
ELISA plate wells and incubated at 37˚C for 90 min. After 
washing, a biotinylated antibody (100  µl) was added and 
incubated for 60 min at the same temperature. The wells 
were then washed, and 100 µl enzyme conjugate was added 
for a 30‑min incubation. Subsequently, substrate (100  µl) 
was added and incubated in the dark at 37˚C after washing 
thoroughly. The quantification of essential ILD biomarkers, 
including interleukin (IL)‑6, tumor necrosis factor (TNF)‑α, 
and Krebs von den Lungen (KL)‑6 (29,30), was performed by 
duplicating ELISA kits for mouse IL‑6, TNF‑α (Invitrogen; 
Thermo Fisher Scientific, Inc.), and KL‑6 (MyBioSource, 
Inc.), following the manufacturer's protocol. Absorbance was 
measured at 450 nm.

Histological analysis. Histological evaluation of lung tissues 
was performed with paraffin sections undergoing hematoxylin 
and eosin (H&E) staining and Masson's trichrome staining. For 
H&E staining, the tissues were immersed in 10% formalin at 
25˚C for 24 h and then embedded in paraffin. The tissue blocks 
were sliced into 5‑µm sections, deparaffinized using xylene, 
and dehydrated by passing through decreasing concentrations 
of ethanol (100, 90, 80 and 70%) and water. Subsequently, the 
slides were stained with hematoxylin for 3 min at 25˚C, rinsed 
with water and stained with eosin for 5 min at 25˚C. Each slide 
was subsequently immersed in 95 and 100% ethanol twice 
(1 min each immersion). Finally, the slides were immersed 
in xylene twice for 2 min and then air‑dried. For Masson's 
trichrome staining, sections were deparaffinized, rehydrated, 
and incubated in Bouin's fluid at 60˚C for 60 min. They were 
stained with Weigert's hematoxylin for 2 min at 25˚C, Biebrich 
scarlet/acid fuchsin for 10 min and aniline blue for 10 min at 
25˚C. Finally, sections were treated with 1% acetic acid, dehy‑
drated, cleared, and mounted, with collagen fibers staining 
blue, muscle fibers red, cytoplasm pink and nuclei dark brown 
or black. Photomicrographs were observed using TissueFAX 
Plus (TissueGnostics GmbH) to analyze stained sections. A 
total of five 100‑µm fields of view were examined in each 
section. The fibrosis score was evaluated and graded using the 
modified Ashcroft score (31). Grade 0 signified normal lung 
tissue without fibrosis, and grades 1‑8 represent varying levels 
of fibrosis from minor to serious.

Immunohistochemistry (IHC). The aforementioned paraffin‑
embedded sections (5 µm) were fixed in acetone for 5 min 
at 25˚C, air‑dried for 10 min, and then immersed in 0.3% 
H2O2/PBS for 5 min at 25˚C to block peroxidase activity 
and blocked with 3% BSA (Sigma‑Aldrich; Merck KGaA) 
in PBS  +  0.05% Tween  20 (PBS‑Tween) for 1  h at 25˚C. 
After washing twice with PBS‑Tween, each for 10 min, anti‑
bodies against transforming growth factor (TGF)‑β (1:100; 
cat.  no.  A16640; ABclonal Biotech Co., Ltd.), collagen  I 
(1:100; cat. no. A5786; ABclonal Biotech Co., Ltd.), IL‑18 
(1:200; cat. no. A23076; ABclonal Biotech Co., Ltd.), IL‑17A 

(1:200; cat. no. A12454; ABclonal Biotech Co., Ltd.), citrul‑
linated histone H3 (Cit‑H3; (1:100; cat no. ab5103; Abcam) and 
myeloperoxidase (MPO; 1:500; cat. no. ab208670; Abcam) 
were applied and incubated for 1 h, followed by incubation with 
horseradish peroxidase (HRP)‑labeled secondary antibodies 
(1:5,000; cat. no. sc‑2004; Santa Cruz Biotechnology, Inc.) for 
1 h. Sections were developed with DAB for 3 min, then washed 
with distilled water for an additional 5 min. Subsequently, 
hematoxylin was used as a counterstain for 3 min at 25˚C and 
the sections were washed with distilled water for 10 min. The 
sections were then dehydrated using a graded ethanol series 
(80, 95 and 100%; 5 min each), followed by immersion in 
xylene twice for 5 min each and air‑drying. A tissue quan‑
tification analyzer (TissueFAX Plus; TissueGnostics GmbH) 
was used to analyze stained sections, counting positive cells in 
randomly selected fields and comparing the results with those 
of a negative control. A total of five 100 µm fields of view were 
examined in each section, across five fields of view counted 
and averaged.

Statistical analysis. Data were recorded and analyzed using 
Excel (Microsoft Corporation) and GraphPad Prism  8.0 
(Dotmatics) software. Experimental results are presented as 
mean ± SD, and statistical significance was determined using 
one‑way ANOVA with Tukey's multiple comparisons post 
hoc test. Fibrosis score results were presented as medians 
and ranges and were analyzed using one‑way ANOVA with 
the Kruskal‑Wallis test and Dunn's post hoc test. BALF cell 
counts were analyzed using two‑way ANOVA with Tukey's 
multiple comparisons post hoc test, and the χ2 test was used to 
determine the significant differences in clinical characteristics 
between the data sets. P<0.05 was considered statistically 
significant.

Results

Prevalence of B19V infection in CTD patients. As illustrated 
in Table  I, B19V infection (24/33 vs. 12/53; P<0.001) and 
hypertension (14/33 vs. 11/53; P=0.03) were significantly more 
prevalent in CTD patients with ILD than in those without ILD. 
By contrast, no significant differences were detected in age at 
study entry, sex distribution, smoking status, disease duration, 
CMV, COVID‑19, herpes zoster infection, or diabetes mellitus 
or cardiovascular disease status between the two groups. 
In terms of CTD type, among the 53 CTD patients without 
ILD, 50 had RA, one had idiopathic inflammatory myopathy 
(IIM), and two had systemic sclerosis (SSc). Among the 33 
CTD patients with ILD, 25 had RA, five had IIM, and three 
had SSc. Additionally, the ILD subtypes included 26 cases 
of nonspecific interstitial pneumonia, five cases of usual 
interstitial pneumonia (UIP), and two cases of organizing 
pneumonia (OP).

Influence of B19V NS1 on body weights, lung weights, and 
survival rate in mice with BLM‑induced pulmonary fibrosis. 
To assess the effects of B19V NS1 on BLM‑induced pulmo‑
nary fibrosis, the body weights of the mice were recorded daily 
until day 19. By contrast, lung weights were measured on day 
19 (Fig. 1A). Compared with those of the control group, the 
body weights of the mice in the BLM, BLM + nintedanib, 
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BLM + NS1, and BLM + NS1 + nintedanib groups signifi‑
cantly decreased (Fig. 1B; P=0.008, 0.002, <0.001 and <0.001, 
respectively). Treatment with nintedanib improved body 
weight loss in mice from both the BLM and the BLM + NS1 
groups but was not sufficient to restore normal weight (Fig. 1B). 
Compared with the mice in the PBS group, the mice in the 
BLM and BLM + NS1 groups had significantly greater lung 
weights (P=0.025 and 0.037, respectively), whereas normal 
lung weight was restored in the nintedanib treatment groups 
(Fig. 1C; BLM + nintedanib vs. BLM, P=0.035; BLM + NS1 + 
nintedanib vs. BLM + NS1, P=0.044).

B19V NS1 administration changes immune cell compositions 
and increases levels of fibrotic markers in the BALF of mice 
with BLM‑induced pulmonary fibrosis. To evaluate the influ‑
ence of B19V NS1 on immune cell distribution in the BALF 
of mice treated with BLM, the proportions of macrophages, 
neutrophils and lymphocytes were analyzed. No significant 
difference in lymphocyte proportion was observed among 
the groups (Fig.  2A). Treatment with BLM resulted in a 
significant increase in the numbers of macrophages and 
neutrophils. Treatment with nintedanib partially reversed 
this trend by increasing the number of macrophages and 
reducing the number of neutrophils. Notably, the proportions 
of neutrophils remained elevated in the BLM + NS1 + nint‑
edanib group, indicating that the NS1‑induced effects were 
not fully mitigated by nintedanib (Fig. 2A; macrophages: 

BLM vs. PBS, P<0.001; BLM + nintedanib vs. PBS, P<0.001; 
BLM + NS1 vs. PBS, P=0.02; BLM + nintedanib + NS1 vs. 
PBS, P=0.005; BLM + NS1 vs. BLM, P<0.001; neutrophils: 
BLM vs. PBS, P<0.001; BLM + nintedanib vs. PBS, P<0.001; 
BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib + NS1 
vs. PBS, P<0.001; and BLM  +  NS1 vs. BLM, P=0.006). 
Additionally, an ELISA was performed to measure the levels 
of lung fibrosis‑related markers, including TNF‑α, KL‑6, and 
IL‑6, in the BALF. Compared with those in the control group 
(PBS), TNF‑α (Fig. 2B; P=0.014 and 0.003, respectively), 
KL‑6 (Fig. 2C; P<0.001 and P<0.001, respectively) and IL‑6 
(Fig. 2D; P=0.039 and 0.009, respectively) levels in the BALF 
of mice from the BLM and BLM + NS1 groups were mark‑
edly elevated. nintedanib treatment significantly reduced the 
expression of these markers in the BALF of mice from both 
the BLM and BLM + NS1 groups (Fig. 2B‑D; TNF‑α, BLM + 
nintedanib vs. BLM, P=0.039; BLM + NS1 + nintedanib vs. 
BLM + NS1, P=0.009; KL‑6, BLM + nintedanib vs. BLM, 
P<0.001; BLM + NS1 + nintedanib vs. BLM + NS1, P<0.001; 
IL‑6, BLM + nintedanib vs. BLM, P=0.013; BLM + NS1 + 
nintedanib vs. BLM + NS1, P=0.014).

B19V NS1 administration increases the lung fibrosis score and 
hydroxyproline content in mice with BLM‑induced pulmonary 
fibrosis. Histological analyses were also performed to assess 
the effect of B19V NS1 on BLM‑induced pulmonary fibrosis 
in mice. Significantly higher fibrosis scores were observed in 

Table I. Clinical characteristics of 86 CTD patients with or without ILD.

	C TD without ILD	C TD with ILD	
Clinical characteristic	 (n=53)	 (n=33)	 P‑value

Age, years (mean ± SD) [range]	 56.2±8.6 [34‑75]	 61.8±9.9 [36‑84]	
Female (n=67)	 43	 24	 0.36
Smoking (n=12)	 7	 5	 0.80
B19V IgM or IgG (+) (n=36)	 12	 24	 <0.001a

CMV IgM or IgG (+) (n=67)	 41	 26	 0.84
COVID‑19 (+) (n=33)	 19	 14	 0.54
Herpes zoster (n=19)	 15	 4	 0.08
CTD duration, years	 9.6±2.7	 10.7±2.6	
CTD types			 
  RA	 50	 25	
  IIM	 1	 5	
SSc	 2	 3	
ILD patterns by HRCT			 
  NSIP	NA	  26	NA
  UIP	 NA	 5	 NA
  OP	NA	  2	NA
Hypertension (n=25)	 11	 14	 0.03a

DM (n=8)	 3	 5	 0.14
CVD (n=9)	 4	 5	 0.26

aP<0.05, vs. CTD patients without ILD, determined by the χ2 test. CTD, connective tissue disease; ILD, interstitial lung disease; CMV, 
cytomegalovirus; ILD, interstitial lung disease; B19V, human parvovirus B19; RA, rheumatoid arthritis; IIM, idiopathic inflammatory myopa‑
thies; SSc, systemic sclerosis; HRCT, high‑resolution computed tomography; NSIP, non‑specificinterstitial pneumonia; UIP, usual interstitial 
pneumonia; OP, organizing pneumonitis; HT, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease; NA, not applicable.
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the lungs of mice from the BLM and BLM + NS1 groups than 
in those from the PBS group (P<0.05 and P<0.001, respec‑
tively). Nintedanib reduced fibrosis levels in both the BLM + 
nintedanib group [3 (3‑4)] and the BLM + NS1 + nintedanib 
group [4 (4‑5)] (Fig. 3A‑B). However, the lung fibrosis score 
remained more severe in the mice from the BLM + NS1 group 

[7 (7‑8)] than in those from the BLM group [6 (5‑7)] (Fig. 3B). 
Similarly, lung hydroxyproline content, an indicator of collagen 
deposition, was significantly greater in the lungs of mice from 
the BLM and BLM + NS1 groups than in those from the PBS 
group (P<0.001 and P<0.001, respectively). Hydroxyproline 
levels remained higher in the mice in the BLM + NS1 group 

Figure 1. Effects of nintedanib and B19V NS1 on bleomycin‑induced pulmonary fibrosis in mice. (A) Schematic diagram of the experimental animal model. 
(B) Daily body weight measurements across the PBS, BLM, BLM + nintedanib, BLM + NS1, and BLM + NS1 + nintedanib groups (BLM vs. PBS, P=0.008; 
BLM + nintedanib vs. PBS, P=0.002; BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib + NS1 vs. PBS, P<0.001; BLM + NS1 vs. BLM, P=0.031; BLM + nint‑
edanib + NS1 vs. BLM, P=0.048; BLM + nintedanib + NS1 vs. BLM + nintedanib, P<0.001). (C) Lung weight of mice on day 19 (BLM vs. PBS, P=0.025; 
BLM + NS1 vs. PBS, P=0.037; BLM + nintedanib vs BLM, P=0.035; BLM + NS1 + nintedanib vs BLM + NS1, P=0.044). *P<0.05 vs. the PBS (Control) group, 
#P<0.05 vs. the BLM group, and &P<0.05 vs. the BLM + NS1 group. B19V, human parvovirus B19; NS1, nonstructural protein 1; BLM, bleomycin.

https://www.spandidos-publications.com/10.3892/mmr.2025.13779


Hsu et al:  nintedanib attenuates B19V NS1-exacerbated pulmonary fibrosis6

than in the mice in the BLM group (P=0.016). Nintedanib 
treatment markedly reduced hydroxyproline levels, although 
the reduction was more pronounced in the BLM group and 

the BLM + NS1 group (P=0.004 and P=0.036, respectively) 
(Fig. 3C). Notably, significantly higher hydroxyproline levels 
were detected in the BLM + NS1 + nintedanib group than in 

Figure 2. Proportions of immune cells in BALF of mice. (A) Percentages of macrophage, neutrophil, and lymphocyte in BALF of mice from different groups 
(Macrophages: BLM vs. PBS, P<0.001; BLM + nintedanib vs. PBS, P<0.001; BLM + NS1 vs. PBS, P=0.02; BLM + nintedanib + NS1 vs. PBS, P=0.005; 
BLM + NS1 vs. BLM, P<0.001; Neutrophils: BLM vs. PBS, P<0.001; BLM + nintedanib vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; BLM + nint‑
edanib + NS1 vs. PBS, P<0.001; BLM + NS1 vs. BLM, P=0.01). The concentrations of (B) TNF‑α (BLM vs. PBS, P=0.014; BLM + NS1 vs. PBS, P=0.003; 
BLM + nintedanib vs. BLM, P=0.039; BLM + nintedanib + NS1 vs. BLM + NS1 P=0.009), (C) KL‑6 (BLM vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; 
BLM + nintedanib vs. BLM, P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1 P<0.001) and (D) IL‑6 (BLM vs. PBS, P= 0.039; BLM + NS1 vs. PBS, 
P=0.009; BLM + nintedanib vs. BLM, P=0.013; BLM + nintedanib + NS1 vs. BLM + NS1, P=0.014) in BALF of mice from different groups. *P<0.05 vs. 
the PBS (Control) group, #P<0.05 vs. the BLM group, and &P<0.05 vs. the BLM + NS1 group. BALF, bronchoalveolar lavage fluid; BLM, bleomycin; NS1, 
nonstructural protein 1; IL, interleukin.
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the BLM + nintedanib group (P=0.006) (Fig. 3C). Moreover, 
quantification of key fibrotic marker levels, including those 
of TGF‑β and collagen I, revealed that compared with BLM 
treatment alone, B19V NS1 administration significantly 
exacerbated fibrosis (P=0.015 and P<0.001, respectively). 
Conversely, the administration of nintedanib reduced the 
levels of these markers in mice from both the BLM and 
the BLM + NS1 groups (Fig. 4A‑C; TGF‑β: BLM vs. PBS, 
P<0.001; BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib 
vs. BLM, P=0.001; BLM + nintedanib + NS1 vs. BLM + NS1, 
P<0.001; collagen I: BLM vs. PBS, P=0.019; BLM + NS1 vs. 
PBS, P<0.001; BLM + nintedanib vs. BLM, P=0.024; and 
BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001).

B19V NS1 administration increases neutrophil and inflam‑
masome involvement in the lungs of mice with BLM‑induced 
pulmonary fibrosis. To confirm the involvement of neutrophils 
in the lungs of mice with BLM‑induced pulmonary fibrosis 
treated with B19V NS1, levels of key neutrophil‑related 
markers, including Cit‑H3 and MPO, were determined. 
Significantly elevated Cit‑H3 (P<0.001 and P<0.001, 
respectively) and MPO (P=0.001 and P<0.001, respectively) 
expression was detected in lung sections from mice in the 
BLM and BLM + NS1 groups compared with those from 
the PBS group (Fig. 5A‑C), reflecting heightened neutrophil 
responses. Conversely, nintedanib treatment significantly 
reduced the levels of Cit‑H3 (P=0.013 and P<0.001, respec‑
tively) and MPO (P=0.001 and P<0.001, respectively) 
compared with those in the BLM and BLM + NS1 groups. 
However, significantly more MPO‑positive signals were 

detected in the BLM  + N S1  +  nintedanib group than 
in the BLM  +  nintedanib group (P=0.015; Fig.  5C). 
Additionally, the expression of inflammasome signaling 
factors, including IL‑18 and IL‑17A, significantly increased 
in the lungs of mice in the BLM and BLM + NS1 groups 
compared with those in the control group (IL‑18: P<0.001 
and P<0.001; IL‑17A: P<0.001 and P<0.001, respectively; 
Fig. 5D and E). Significantly reduced levels of IL‑18 and 
IL‑17A were observed in the lung tissues of mice from both 
the BLM + nintedanib and the BLM + NS1 + nintedanib 
groups (Fig. 5D and E; IL‑18: BLM + nintedanib vs. BLM, 
P=0.043; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001; 
IL‑17A: BLM + nintedanib vs. BLM, P<0.03; BLM + nint‑
edanib + NS1 vs. BLM + NS1; P<0.001).

Discussion

The present study revealed for the first time that B19V NS1 
significantly exacerbates BLM‑induced pulmonary fibrosis in 
mice by increasing inflammation and fibrosis, mainly through 
inflammasome activation and neutrophil‑driven responses. 
Conversely, the administration of nintedanib reduced the 
expression of key fibrotic markers, such as IL‑18, IL‑17A, 
Cit‑H3, and MPO, suggesting the therapeutic potential of 
nintedanib in exacerbating lung fibrosis associated with 
B19V NS1. In addition, there were significant differences in 
the proportions of B19V infection and hypertension between 
CTD patients with and without ILD. These findings revealed 
a mechanistic link between B19V infection and ILD, indi‑
cating that B19V, through NS1, acts as a potent exacerbator 

Figure 3. Histological staining of the lung tissues of mice. (A) Representative images of H&E and Masson's trichrome‑stained mouse lung sections. Scale bar, 
100 µm. Quantified result of (B) fibrosis score (BLM vs. PBS, P<0.05; BLM + NS1 vs. PBS, P<0.001) and (C) hydroxyproline content (BLM vs. PBS, P<0.001; 
BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib vs. BLM, P<0.001; BLM + NS1 vs. BLM, P= P=0.016; BLM + nintedanib + NS1 vs. BLM + NS1, P=0.036; 
BLM + NS1 + nintedanib vs. BLM + nintedanib, P=0.006). *P<0.05 vs. the PBS (Control) group, #P<0.05 vs. the BLM group, &P<0.05 vs. the BLM + NS1 
group, and §P<0.05 vs. the BLM + nintedanib group. H&E, hematoxylin and eosin; BLM, bleomycin; NS1, nonstructural protein 1.
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of ILD, further aggravating fibrosis in patients with already 
compromised pulmonary conditions.

Bleomycin induces fibrosis primarily through reactive 
oxygen species (ROS)‑mediated oxidative stress, which triggers 
epithelial apoptosis, activates fibroblasts and promotes collagen 
deposition  (32). ROS also activate the NLRP3 inflamma‑
some, promoting fibrosis via the IL‑1β/IL‑1R/MyD88/NF‑κB 
pathway and caspase‑1‑mediated activation of IL‑1β and 
IL‑18 (33‑37). These findings are consistent with previous 
reports showing that B19V NS1 induces IL‑6 and TGF‑β 
expression and activates fibroblasts  (21,23,38‑40). In the 
present study, compared with BLM alone, combined treat‑
ment with BLM and B19V NS1 resulted in higher levels of 
inflammasome‑related cytokines and collagen deposition. 
These findings provided a possible explanation for why B19V 
NS1 exacerbates BLM‑induced pulmonary fibrosis. However, 
further studies are needed to clarify the precise role of B19V 
NS1 in ILD aggravation.

In a mouse model of BLM‑induced fibrosis, neutrophil 
recruitment driven by chemokines such as CXCR2 contributes 
to tissue damage and fibrosis through the release of NETs, 
proinflammatory cytokines, and neutrophil elastase (41‑43). 
Although evidence for B19V NS1‑induced NET formation 
is limited, studies on dengue and Zika virus NS1 proteins 
have demonstrated their ability to promote NET release 
through platelet activation and neutrophil infiltration (44,45). 
In the present study, B19V NS1 exacerbated lung fibrosis 
through mechanisms that parallel those of BLM, including 

neutrophil‑driven responses. The elevated levels of neutro‑
phil markers, such as Cit‑H3 and MPO, in the lung tissues 
of mice treated with both BLM and B19V NS1 indicated 
a strong correlation with increased neutrophil invasion, 
contributing to the chronic tissue damage characteristic of 
BLM‑induced fibrosis.

Progressive fibrosing ILD poses a significant clinical chal‑
lenge, as conventional treatments for pulmonary fibrosis often 
yield poor outcomes and only manage symptoms (12). nint‑
edanib, a tyrosine kinase inhibitor targeting platelet‑derived 
growth factor receptor, fibroblast growth factor receptor 
and vascular endothelial growth factor receptor, exerts anti‑
fibrotic and antiangiogenic effects and is approved by the 
United States Food and Drug Administration for treating 
IPF and SSc‑associated ILD (46‑48). In the current study, 
MPO and hydroxyproline levels remained increased in the 
BLM + NS1 + nintedanib group. Although nintedanib treat‑
ment mitigated several inflammatory and fibrotic responses 
exacerbated by NS1 in the BLM model, it did not fully 
reverse all pathological changes. These findings suggested 
that nintedanib only partly alleviates NS1‑exacerbated lung 
injury and that its efficacy may be limited in the presence of 
NS1‑mediated fibrosis. Further studies are needed to explore 
combination strategies or alternative treatments that more 
effectively counteract NS1‑driven fibrotic pathways.

Notably, the present study has several limitations that 
should be acknowledged. First, the sample size was rela‑
tively small, particularly in the subgroup of CTD patients 

Figure 4. IHC staining of lung tissue of mice. (A) Representative images of lung sections of mice stained with TGF‑β and collagen I. Scale bar, 100 µm. 
Quantified results of (B) TGF‑β (BLM vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib vs. BLM, P=0.001; BLM + NS1 vs. BLM, P=0.015; 
BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001) and (C) collagen I positive cells (BLM vs. PBS, P=0.019; BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib 
vs. BLM, P=0.024; BLM + NS1 vs. BLM, P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001) in lung sections of mice. *P<0.05 vs. the PBS (Control) 
group, #P<0.05 vs. the BLM group, and &P<0.05 vs. the BLM + NS1 group. IHC, immunohistochemistry; TGF transforming growth factor; BLM, bleomycin; 
NS1, nonstructural protein 1.
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with ILD (n=33), which may limit the statistical power and 
generalizability of the findings. These factors may influ‑
ence disease severity and outcomes, and their absence could 
have introduced residual confounding. Therefore, the results 
should be interpreted with caution and further studies with 
larger, well‑characterized cohorts are needed to confirm these 
findings in the future. Second, a group receiving NS1 treat‑
ment alone was not included in the present study. While the 
primary objective was to investigate the effect of NS1 in the 
context of BLM‑induced lung injury, the lack of an NS1‑only 
control group made it difficult to fully determine whether 
NS1 itself can independently induce fibrotic changes in the 
lungs. Including such a group would help clarify whether 
the observed effects are specific to the interaction between 
NS1 and BLM‑induced injury or partially attributable to 
NS1 alone. Therefore, future studies should incorporate an 
NS1‑only group to delineate the individual more precisely 
and combined effects of NS1 and BLM on the progression 
of pulmonary fibrosis. Third, direct mechanistic evidence to 
confirm the causal role of neutrophil activation and inflam‑
masome signaling in the NS1‑induced exacerbation of 
fibrosis was lacking. While the findings suggested that NS1 
may promote pulmonary fibrosis through enhanced neutro‑
phil activity and activation of the NLRP3 inflammasome 
pathway, these conclusions are based on correlative data. The 
absence of experiments employing specific inhibitors, such as 

NLRP3 or NETosis inhibitors, limits the ability of the present 
study to definitively establish causality. Therefore, future 
studies incorporating targeted inhibition or loss‑of‑function 
approaches are needed to validate these mechanistic links and 
strengthen the causal interpretation of our findings. Finally, 
a key limitation is that the experiments were conducted in 
mouse models, which may not fully replicate the complex 
pathophysiology of human disease. Consequently, the find‑
ings and therapeutic effects observed here may not directly 
translate to humans due to species‑specific differences in 
immune responses, disease progression, and drug metabo‑
lism (49). Therefore, further validation in clinical settings or 
human‑derived models is necessary to confirm the relevance 
of these results to human patients.

Overall, the results of the current study provided a 
clinical and mechanistic connection between B19V infection 
and the progression of pulmonary fibrosis. The clinical data 
indicated a higher incidence of B19V infection among CTD 
patients with ILD, suggesting a potential association with the 
development of ILD. Experimental findings further demon‑
strated that B19V, through its NS1 protein, may exacerbate 
ILD and worsen fibrosis in patients already affected by lung 
conditions, particularly by activating the inflammasome and 
driving neutrophil responses. These findings build on previous 
evidence of B19V in ILD patients, reinforcing the possible role 
of B19V NS1 in exacerbating fibrogenesis.

Figure 5. Expressions of neutrophil‑related and inflammasome markers. (A) Representative immunohistochemistry images of the lung section of mice stained 
with (A) Cit‑H3, MPO, IL‑18 and IL‑17. Scale bar, 100 µm. Quantification of (B) Cit‑H3 (BLM vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; BLM + nint‑
edanib vs. BLM, P=0.013; BLM + NS1 vs. BLM, P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001), (C) MPO (BLM vs. PBS, P=0.001; BLM + NS1 
vs. PBS, P<0.001; BLM + nintedanib vs. BLM, P<0.001; BLM + NS1 vs. BLM, P= P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001; BLM + nint‑
edanib + NS1 vs. BLM + nintedanib, P=0.015), (D) IL‑18 (BLM vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; BLM + nintedanib vs. BLM, P=0.043; 
BLM + NS1 vs. BLM, P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001), and (E) IL‑17 (BLM vs. PBS, P<0.001; BLM + NS1 vs. PBS, P<0.001; 
BLM + nintedanib vs. BLM, P<0.03; BLM + NS1 vs. BLM, P<0.001; BLM + nintedanib + NS1 vs. BLM + NS1, P<0.001) positive cells in lung sections of mice. 
*P<0.05 vs. the PBS (Control) group, #P<0.05 vs. the BLM group, &P<0.05 vs. the BLM + NS1 group, and §P<0.05 vs. the BLM + nintedanib group. Cit‑H3, 
citrullinated histone H3; MPO, myeloperoxidase; IL, interleukin; BLM, bleomycin; NS1, nonstructural protein 1.
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